This study describes a unique assessment of primate intrinsic foot joint kinematics based upon bone pin rigid cluster tracking. It challenges the assumption that human evolution resulted in a reduction of midfoot flexibility, which has been identified in other primates as the "midtarsal break." Rigid cluster pins were inserted into the foot bones of human, chimpanzee, baboon, and macaque cadavers. The positions of these bone pins were monitored during a plantarflexion-dorsiflexion movement cycle. Analysis resolved flexion-extension movement patterns and the associated orientation of rotational axes for the talonavicular, calcaneocuboid, and lateral cubometatarsal joints. Results show that midfoot flexibility occurs primarily at the talonavicular and cubometatarsal joints.
evaluated primates in the observed rotations of the lateral cubometatarsal joint, but there was much greater rotation observed for the talonavicular joint, which may serve to differentiate monkeys from the hominines. It appears that the capability for a midtarsal break is present within the human foot. A consideration of the joint axes shows that the medial and lateral joints have opposing orientations, which has been associated with a rigid locking mechanism in the human foot. However, the potential for this same mechanism also appears in the chimpanzee foot. These findings demonstrate a functional similarity within the midfoot of the hominines. Therefore, the kinematic capabilities and restrictions for the skeletal linkages of the human foot may not be as unique as has been previously suggested. Am J Phys Anthropol 000:000-000, 2014. V C 2014 Wiley Periodicals, Inc.
Discussion of the "midtarsal break" as a distinguishing feature of the nonhuman primate foot has gained some currency in recent years. This break typically describes an event during stance phase of the locomotor cycle where the midfoot dorsiflexes in a way that lifts the heel off the substrate before the forefoot begins to rise. Events that fit this description are commonly observed in the feet of nonhuman primates (Elftman and Manter, 1935a; Bojsen-Mïller, 1979; Lewis, 1980; Susman, 1983; Gebo, 1992; D'Août et al., 2002; Vereecke et al., 2003; D'Août and Aerts, 2008; Vereecke and Aerts, 2008) . The development of a longitudinal arch within the human foot is thought to have resulted in a loss of this midfoot flexibility so that humans no longer display appreciable levels of midfoot dorsiflexion. However, a great deal of research of the human foot also describes a compliance of the human longitudinal arch (Hicks, 1953; Sammarco and Hockenbury, 2001; Erdemir et al., 2004; Vereecke and Aerts, 2008; Caravaggi et al., 2010) . This compliance is effectively also a midfoot dorsiflexion that occurs during mid-stance phase. Although the human arch compliance does not typically raise the heel in the same fashion as the nonhuman primate midtarsal break, from the perspective of midtarsal joint kinematics the two movements would seem to be similar. This association has been recognized before although the human motion is presumed to be smaller and produced by an accumulation of minute actions within the various intertarsal and tarsometatarsal joints (Hicks, 1954; Stern and Susman, 1983; Berillon, 2003; Ward et al., 2011) . Thus, the conventional wisdom claims that the nonhuman primate midfoot dorsiflexes more than that of the human and that skeletal morphologies can be identified which are associated with this functional difference.
In this article, we investigate midfoot flexibility in the primate foot. Presumably, the kinematics of the human midfoot can be seen as a natural extension of the basic primate pattern. By investigating foot kinematics under controlled experimental conditions, we evaluate the validity of that presumption. We therefore evaluate the null hypothesis that the plantarflexion-dorsiflexion kinematics of the midtarsal (talonavicular, calcaneocuboid, and lateral cubometatarsal) joints do not differ within the investigated primate genera (Homo, Pan, Papio, and Macaca). This kinematic analysis is conducted so as to explore not just the rotational movement patterns that produce midfoot flexion, but also the orientations of the specific rotational axes associated with those movements. This refinement adds a new dimension to the investigation of primate joint kinematics. Armed with these additional data, we seek to identify some of the kinematic distinctiveness within each of the investigated primate feet.
